Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors and the third leading cause of cancer deaths worldwide. 1 Although current detection methods, such as fecal occult blood testing and fiber-optic colonoscopy, have significantly improved outcomes for patients with CRC, more than half of those at an advanced stage of disease die of carcinoma recurrence after undergoing radical resection. 2 Therefore, to provide better treatment strategies, there is an urgent need to further understand submit your manuscript | www.dovepress.com
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Genome sequencing projects have revealed that proteincoding RNAs account for only 2% of the total genome, while more than 90% of the genome is transcribed as noncoding RNAs (ncRNAs), among which are long noncoding RNAs (lncRNAs), which are more than 200 nucleotides (nt) in length with no protein-coding capacity. 3 Expression of lncRNAs, which was previously believed to represent random transcriptional noise, has been observed to vary by disease, tissue, and developmental stage, indicating specific functions for lncRNAs in human development and disease, including cancers. [4] [5] [6] [7] The lncRNA colorectal neoplasia differentially expressed -h (CRNDE-h) (colorectal neoplasia differentially expressed transcript variant 1), 1,059 nt in length, is encoded by an uncharacterized gene locus (Chr16:hCG_1815491). Expression level of lncRNA CRNDE-h is highest in the early stages of human development and progressively decreases, with detected expression ranking as follows: embryoid body . fetus . juvenile . adult (UniGene ESTdatabase) (www.ncbi.nlm.nih.gov/UniGene/ESTProfileViewer. cgi?uglist=Hs.237396). In the group of acute myeloid leukemias (AMLs), lncRNA CRNDE-h expression is particularly increased in FAB Type M2 AML and in promyelocytic Type M3 AML. 8 A similar mode of expression occurs in prostate cancer, in which lncRNA CRNDE-h expression level is significantly upregulated and associated with poor prognosis and distant metastases. [9] [10] [11] However, some tumors, such as oncocytomas and clear cell kidney carcinomas, show significantly downregulated expression of lncRNA CRNDEh. 12 These results suggest that lncRNA CRNDE-h might play a major role in cancer progression, and exert distinct effects on different types of cancers. Nevertheless, the exact expression pattern of lncRNA CRNDE-h and its clinical and prognostic significance in CRC remains unclear.
A survey within the GENCODE project showed that the expression of almost 3% of lncRNAs shows high positive correlation with their neighboring mRNA. 13 Iroquois homeobox protein 5 (IRX5) mRNA, which is transcribed from chromosome 16 on the strand opposite to the adjacent CRNDE gene, is a member of the Iroquois homeobox gene family. In a previous study, the association between CRNDE and IRX5 expression was analyzed for different tissues, 14 such as bronchial epithelium, ovary epithelium, and prostate basal epithelium, but there was little information on the correlation between lncRNA CRNDE-h and IRX5 mRNA expression in CRC. Therefore, further investigation is needed to estimate the relationship between lncRNA CRNDE-h and IRX5 mRNA in CRC.
To date, there has been no investigation of the correlation between lncRNA CRNDE-h expression and the clinicopathological characteristics of CRC. In the current study, the expression levels of lncRNA CRNDE-h in clinically resected human colorectal disease tissues were examined by quantitative real-time polymerase chain reaction (qRT-PCR), and their clinicopathological significance and potential prognostic value for CRC were further assessed. We then evaluated the potential relationship between lncRNA CRNDE-h expression and IRX5 mRNA amplification by qRT-PCR. These data demonstrated that expression of lncRNA CRNDE-h was increased in CRC and closely correlated with tumor progression, recurrence, and survival, suggesting that lncRNA CRNDE-h may represent a novel indicator of poor prognosis in CRC and may be a potential therapeutic target for diagnosis and gene therapy.
Materials and methods
Patients and tissue samples
In total, 305 subjects who had undergone radical resection in the Department of General Surgery, Qilu Hospital of Shandong University, between July 2007 and October 2009 were enrolled in this study. Patients with CRC for whom medical records were incomplete, who had received prior radiation or chemotherapy, were lost to follow-up, or withdrew consent, were excluded from this study. Medical history, such as age, sex, tumor location, tumor size, differentiation, lymphovascular invasion, T stage, regional lymph nodes metastasis, and distant metastasis were recorded. The tissues involved were 142 CRC tissues and 142 corresponding adjacent nontumorous tissues (at least 5 cm from the margin of the tumor), plus 21 inflammatory bowel disease (IBD), 69 hyperplastic polyp, and 73 adenoma tissues. All of the tissues were immediately frozen in liquid nitrogen and stored at −80°C until RNA extraction. The postoperative pathological staging was determined for each individual patient according to the Union for International Cancer Control/American Joint Committee on Cancer TNM staging system for CRC (seventh edition), and followed up at every third month until the patient's death or until March 2015, whichever occurred first. Detailed information on the clinical features of all patients in this study is shown in 
rna extraction and reverse transcription
Total RNA was extracted from tissues or cultured cells using TRIzol reagent (Invitrogen) in accordance with the manufacturer's instructions. Preparation and handling of RNA took place under RNase-free conditions. The RNA concentration was determined by using spectrophotometry to measure absorbance at 260 nm, and the isolated RNA was stored at −80°C until use. cDNA was synthesized from 1,000 ng of RNA using Primerscript™ RT Reagent Kit (TaKaRa, Dalian, People's Republic of China) in a 20 µL reaction volume.
qrT-Pcr
qRT-PCR analysis was performed using Power SYBR Green (TaKaRa) on a CFX96 Real-Time PCR Detection System, which was also used for data collection. Results were normalized to an endogenous control (GAPDH). The thermal cycling program used for quantification was as follows: an initial denaturation step at 95°C for 15 seconds, followed by 40 cycles of denaturation at 95°C for 5 seconds and annealing and extension at 58°C for 34 seconds. After amplification, the melting curve of the product was obtained by a temperature gradient at 75°C under continuous fluorescence monitoring. The qRT-PCR measurement was performed in triplicate to remove any outliers. The specificity of the amplified product (CRNDE-h) was confirmed by sequencing ( Figure S1 ). The relative expression of CRNDE-h in HT-29 cells was used as a calibrator in each run; no-template controls were included as negative control. The relative expression of CRNDE-h was calculated and normalized relative to GAPDH, using the comparative threshold cycle (Ct) method. The qRT-PCR primers for lncRNA CRNDE-h, and mRNA GAPDH were as follows:
CRNDE-h: F: 5′-CGCGCCCGCGCGGCGGAGGA-3′, R: 5′-TATGAATTGCAGACTTTGCAGA-3′; IRX5: F: 5′-ACCCAGCGTACCGGAAGAA-3′, R: 5′-CGGCGTCCACGTCATTTTAT-3′; GAPDH: F: 5′-GTCAACGGATTTGGTCTGTATT-3′, R: 5′-AGTCTTCTGGGTGGCAGTGAT-3′.
statistical analysis
All statistical data were analyzed by Statistical Program for Social Sciences (SPSS) software (version 17.0; SPSS, Chicago, IL, USA) and GraphPad Prism (version 5.0; GraphPad Software, LaJolla, CA, USA). We used the Kolmogorov-Smirnov test to determine the distribution of each group. Data were expressed as median (interquartile range). The differences between groups were estimated using Mann-Whitney U-test or Kruskal-Wallis test, as appropriate. The diagnostic performance of lncRNA CRNDE-h was determined by the receiver operating characteristic curve using MedCalc software (version 9.3.9.0; MedCalc, Mariakerke, Belgium). The Youden index (sensitivity + specificity −1) was used to determine the optimal cut-off value of lncRNA CRNDE-h expression level. Overall survival (OS) curves were plotted according to the Kaplan-Meier method, with the log-rank test applied for comparison. The Cox proportionalhazards regression model was employed to evaluate the independent prognostic factors. Spearman correlation analysis was used to examine the association between lncRNA CRNDE-h and IRX5 mRNA. Statistical significance was defined as a two-sided P-value of less than 0.05.
Results lncrna crnDe-h was greatly upregulated in primary crc samples
The Kruskal-Wallis test indicated that there was a large variability in lncRNA CRNDE-h among CRC, adjacent noncancerous tissue, IBD, hyperplastic polyp, and adenoma samples. As shown in Figure 1A , the expression levels of lncRNA CRNDE-h were significantly higher in CRC ( Remarkably, we found that lncRNA CRNDE-h was strongly expressed in CRC tissues compared with paired adjacent noncancerous tissues (2 −∆∆Ct method), and the majority of results displayed greater than two-fold increases (CRC/ adjacent noncancerous tissues). In several CRC specimens, more than 50-fold increases of lncRNA CRNDE-h expression were found ( Figure 1B) .
correlation of lncrna crnDe-h expression with the clinicopathologic characteristics of human crc tissues
In further evaluations of the correlation between lncRNA CRNDE-h expression and clinicopathologic characteristics, the data showed that the expression level of CRNDE-h was significantly correlated with tumor size (P=0.017), regional lymph nodes metastasis (P=0.006), and distant metastasis (P=0.003) ( Table 2 ). However, no significant associations were found between CRNDE-h overexpression and age, sex, tumor location, tumor differentiation, lymphovascular invasion, or T stage.
Diagnostic value of lncrna crnDe-h for crc
Receiver operating characteristic curve analyses indicated that lncRNA CRNDE-h has some capability for distinguishing CRC tissues from normal and benign tissues, with an area under the curve value of 0.757 (95% confidence interval [CI]=0.715-0.796) (Figure 2) . At a cut-off value of 1.256, the optimal sensitivity and specificity were 70.4% and 70.8%, respectively, in identifying patients with CRC. Figure 1 Quantitative analysis of lncrna crnDe-h using qrT-Pcr in 305 colorectal disease tissues. Notes: (A) The expression level of lncRNA CRNDE-h was significantly higher in the CRC and Ad group compared with the NC, IBD, and HP group, and its expression was normalized by gaPDh in each sample (***P,0.001). red line represents the median value and the black line means the 25% and 75% interquartile range. (B) incrna CRNDE-h relative expression was expressed as log2 fold change (CRC/NC), and the log2 fold changes were defined as follows: .1, overexpression; ,−1, underexpression; the remaining were defined as unchanged. Abbreviations: CRC, colorectal cancer; Ad, colorectal adenomas; NC, adjacent noncancerous tissues; IBD, inflammatory bowel disease; HP, hyperplastic polyp; lncRNA, long noncoding rna; crnDe-h, colorectal neoplasia differentially expressed -h; qrT-Pcr, Quantitative real-time polymerase chain reaction.
submit your manuscript | www.dovepress.com
Dovepress
Dovepress 1441 increased expression of lncrna crnDe-h indicates poor prognosis in crc Prognostic implications of lncrna crnDe-h
expression in patients with crc
In total, 142 patients with CRC were followed-up, with a median follow-up duration of 55 months (range 5-65 months). OS was calculated from the time of diagnosis to the date of death or to study completion, and the cumulative 5-year OS rate was 47.2%. The median value (1.640) of lncRNA CRNDE-h expression level was used to categorize patients with CRC into a high-level group (n=71) and a low-level group (n=71). Kaplan-Meier analysis showed that the 5-year cumulative probability of OS for patients with high lncRNA CRNDE-h expression (29.6%) was significantly lower than that for patients with low lncRNA CRNDE-h expression (64.8%) (log-rank test, P,0.001) ( Figure 3A) . Moreover, Kaplan-Meier analysis and log-rank tests showed that OS was also associated with regional lymph node metastasis (log-rank test, P,0.001) ( Figure 3B ) and distant metastasis (log-rank test, P,0.001) ( Figure 3C ).
We further estimated the clinical significance of various prognostic factors that might influence survival in the subjects. Univariate analysis was performed for OS in 142 patients with CRC. As shown in Table 3 (Table 3) .
association between lncrna crnDe-h and irX5 mrna in crc tissues
We further explored the potential underlying mechanisms involved in lncRNA CRNDE-h overexpression-induced tumorigenesis by examining expression of IRX5 mRNA in 
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increased expression of lncrna crnDe-h indicates poor prognosis in crc the same CRC tissues. Spearman's rank correlation analysis showed that there was a statistically positive correlation between lncRNA CRNDE-h amplification and IRX5 mRNA expression in CRC tissue samples (r=0.692, P,0.001) (Figure 4 ).
Discussion
lncRNAs function in different ways, including regulation of gene transcription in basal transcription machinery, posttranscriptional regulation of RNA splicing, and epigenetic regulation. Previous studies have indicated that about 18% of the noncoding genes that produce lncRNAs are associated with cancer, compared with only 9% of all human coding genes. 15 Emerging evidence has indicated that modification in the expression of lncRNAs is associated with tumor formation. 16 During the past few years, the importance of lncRNA in CRC tumorigenesis and progression has been gradually recognized. Some lncRNAs, such as CCAT1, MALAT1, PVT-1, and HOTAIR, were found to be significantly elevated in CRC, and could promote the proliferation and metastasis of CRC. [17] [18] [19] [20] However, Evf-2 and GAS5 lncRNAs were downregulated in colon cancer, which could inhibit cell-cycle progression and promote apoptosis of colon cancer cells. 21, 22 Nonetheless, little is currently known about the clinical value of lncRNA CRNDE-h in CRC.
CRNDE-h, an lncRNA, was originally isolated from a screen for potential oncogenic genes expressed at high levels during CRC formation and development. The locus of its encoding gene, CRNDE, spans six exons, E1 to E6, located at nt 54,952,774 to 54,963,101 on Chr16. Interestingly, at least ten alternative RNA transcripts are derived from the CRNDE locus. However, the transcript isoforms in CRC cell lines and tissues are CRNDE-a, -b, -c, -d, -e, -f, -g, -h, and -j. 23 Two major CRNDE lncRNAs, CRNDE transcript variant 2 (also known as CRNDE-g) [RefSeq: NR_034106.1] and CRNDE transcript variant 1 (also known as CRNDE-h) [RefSeq: NR_034105.2], have also been identified in humans. These result from the presence of alternative 5′-splice donor sites in exon 1. In addition, CRNDE-g is only 924 nt in length, missing 135 nt at its 5′ end. Emerging evidence suggests that lncRNAs, which show high evolutionary conservation, play critical roles in a diverse array of cellular processes such as cell-cycle control, 24 epigenetic regulation, 25 self-renewal of stem cells, 5 embryonic development, and multiple human diseases, including cancer.
26 CRNDE-h includes five exons (E1A, E2, E4, E5, and E6) and two genomic vertebrate conserved (gVC) regions, one in intron 1 (gVC1) and the other in intron 4 (gVC4). In particular, gVC4 behaves like both a transcribed ultra-conserved region and an additional or alternative exon.
14 An lncRNA with high evolutionary conservation, CRNDE-h has been reported to be involved in carcinogenesis. Graham et al 23 showed that the phenotypic effects associated with knock-in of small open reading frames into CRC cell lines is unaffected by deletion of their start codons, which indicates that any effects are mediated by the transcripts rather than by any polypeptides that they may encode. Khalil et al 27 found that there was an overlap in the lists of genes affected by short interfering RNA-mediated knockdown of CRNDE-h and polycomb repressive complex 2, potentially implicating CRNDE in the epigenetic remodeling of chromatin, and particularly in the downregulation of gene expression via targeted histone methylation or demethylation by PRC2 or corepressor for element-1-silencing transcription factor complexes, respectively. Meanwhile, downregulation of lncRNA CRNDE-h in glioma cell lines was shown to inhibit cell self-renewal, restrain cell proliferation, stop the cell cycle, and promote cell apoptosis. 28 Collectively, these reports suggest that lncRNA CRNDE-h plays an important role in cancer tumorigenesis. The present study indicated that lncRNA CRNDE-h is significantly upregulated in colorectal adenomas and cancer compared with adjacent noncancerous tissues, IBD, and hyperplastic polyps. Moreover, the majority of CRC tissues displayed greater than two-fold increases of lncRNA CRNDE-h expression compared with paired adjacent noncancerous tissues. We also found that lncRNA CRNDE-h concentrations were significantly associated with factors indicating poor clinical outcome, such as large tumor size, positive distant metastasis, and positive lymph node metastasis. These data indicate that lncRNA CRNDE-h may have a role not only in the promotion of growth of the primary tumor, but also in the development of lymph node and distant metastases in CRC. Taken together, these results suggest that the dysregulated expression of lncRNA CRNDE-h might be an early event, and that a higher level of lncRNA CRNDE-h expression might be related to advanced CRC. Nonetheless, the precise mechanisms of lncRNA CRNDE-h, which induce adverse clinical characteristics in CRC, need to be further investigated.
So far, our report is among the few to testify to the significance of lncRNA CRNDE-h in identification of CRC, with an area under the curve value of 0.757 derived from comparisons between CRC tissues and normal or benign disease groups (sensitivity 70.4%; specificity 70.8%). Thus, we suggest that detection of lncRNA CRNDE-h could be an effective complement to current CRC diagnostic strategy. Moreover, accurate prediction of prognosis is essential for selection of the correct therapy for patients with CRC. Thus, we explored the prognostic value of lncRNA CRNDE-h, using Kaplan-Meier survival analysis. Patients with CRC who had high CRNDE-h levels had poor OS compared with those with low levels. Taking this a step further, Cox proportional hazards regression model analyses showed that lncRNA CRNDE-h was an independent factor influencing OS. Thus, hypothetically, lncRNA CRNDE-h expression levels may serve to identify patients at higher or lower risk in a similar way to classic prognostic factors such as lymph node metastasis or distant metastasis.
lncRNAs can act to regulate expression of their genetically neighboring protein-coding genes in cis-effection, or of distant protein-coding genes in trans-effection. 29, 30 IRX5 mRNA, which is encoded by CRNDE neighboring proteincoding genes IRX5, has been found in multiple cancers and contributes to development of many tumors by acting as an important transcript factor regulating key regulator genes that control cell apoptosis. 31, 32 The activity of IRX5 could reduce the sensitivity to the cytostatic effect of transforming growth factor-β (TGF-β), conferring a growth advantage to tumor cells prior to the acquisition of mutations in TGF-β/SMADS pathway components. 33, 34 In our study, lncRNA CRNDE-h expression levels plotted against IRX5 mRNA expression levels for each tissue indicated that the two RNAs had strongly correlated expression, supporting the observation that the expression of both genes is under a level of coordinate control. Based on these data, we speculate that lncRNA CRNDE-h might partly function as a tumor oncogene through contact with IRX5 mRNA in CRC. However, a limitation of the current study is that we did not clearly demonstrate this molecular function of lncRNA CRNDE-h in tumorigenesis; further investigation is needed.
Although the findings of our current study are promising, there were some limitations. First, because patients with premalignant adenomas were not followed-up, it was unclear whether those with higher CRNDE-h levels had an increased risk of developing CRC. Second, because we assessed clinical materials from Chinese patients only, lncRNA CRNDE-h expression levels as a diagnostic and prognostic biomarker must be verified in different ethnic populations before clinical application. Thus, further multicenter studies that include higher numbers of patients collected from several hospitals and diverse ethnic populations are required to validate whether CRNDE-h can be incorporated into routine clinical practice.
In conclusion, this study used an qRT-PCR assay to detect the lncRNA CRNDE-h, and found that this lncRNA might have clinical potential not only as a promising predictor of aggressive phenotype but also as an independent prognostic predictor to identify individuals with particularly low rates of survival following surgery. Further, detection of circulating lncRNA CRNDE-h in plasma by qRT-PCR could provide a noninvasive approach for analyses of early diagnosis and prognosis of CRC.
